Notes from discussion on NGAO acquisition sensors (DLM, CRN)

Last modified Jan 16, 2008.

Baseline design

     Covers FOV from NGAO first stage relay of 180” (3 arc minute diameter circle)

     Detector options:

     1) Visible: large CCD, response from 0.3 to 1.0 micron wavelength,  

              Covers astronomical bands (V,R, I, sdss z’)

              Array: 2k x 2k @ 0.1”/pix

     2) IR: large Hawaii II array (or equivalent), response from (1.0 micron-2.5micrions) 

             Array: 2k x 2k @ 0.1”/pix or 1k x 1k @ 0.2”/pix

Level of AO correction for acquisition one of three possible options:

1) Seeing limited, (no guiding foreseen) 

2) Only HO LGS loop closed, no TTFA so NGS still moving, (no guiding foreseen) 

3) Acquisition camera only sees a 20x20 actuator correction (field average or ground layer).  Depending on correction and LGS configuration correction could be GLAO with residual tip/tilt or higher order correction in the center of the FOV with anisoplanatic falloff.  Depending on how long it takes to acquire the LGS could take acquisition in the following stages

Acquisition steps:

	
	At least one NGS

(V or J < 17)
	Fainter NGS 

(V or J > 18)
	Field not documented

	Coarse pointing
	· Telescope pointing accuracy is 20” rms 

· There is always the possibility to slew to a nearby pointing star, acquire and adjust telescope pointing then offset to field – the residual pointing error would be ~1-2” for pointing stars within a few arcmin. Note that the pointing star catalog would be in the visible or NIR depending on the camera selected.

	LGS acq
	· 6 LGS in WIDE or NARROW configuration

· 3 LGS pointing at the expected NGS locations 

· Close HO loops, close UTT and laser pointing compensations

	NGS acq
	· 1st fast acquisition image 

· Automated routine find first TT(FA) guide star 

· Command immediate telescope offset to center on TT(FA) pickoffs and science Pointing Origin. 

· Close DTT 

· Start guiding on field using TT(FA) offload  

· Other TT sensors report SNR and offset

· Close TT sensors and make adjustment to field centering to center science target on science detector.
	· 1st longer acquisition image

· Automated routine find guide stars in field (and compare with e-chart)  

· Command average telescope offset to center on TT(FA) pickoffs and science PO. 

· TT sensor report SNR and average offset

· Close TT sensors and make adjustment to field centering to center science target on science detector 
	· Require adjust pointing on a nearby pointing star

· Send offset so that science target centered on PO.

· 1st long integration  acquisition image

· Automated routine find stars suitable for TT(FA)

· Compute offset from science PO to stars and  command average telescope offset to TT(FA) pickoff. 

·  TT sensor report SNR and offset

· Close TT sensors and make adjustment to field centering to center science target on science detector.



	Case 1:

At least one NGS is extended TT (galaxy, binary)
	· Check AO performance with current settings

· If fold mirror and not using visible or NIR camera, 

· Search for other NGS in NIR catalog, compute pickoff location and try acquire new TT

· If fold mirror, and using visible/NIR camera

· open TT(FA)-related loops, LGS stay closed, insert fold.

· Record long exposure and search for other vis/NIR stars (visually or automated), compute star centroid and new pickoff location

· Try acquiring newly selected (more uncertain for visible camera)

· If not fold mirror (dichroic/BS), and using vis/NIR camera

· All loops stay closed 

· Record long exposure and search for other vis/NIR stars (visually or automated), compute star centroid and new pickoff location

· Try acquiring newly selected NGS (more uncertain for visible camera)

	Case 2:

Very strong wind induces large spot size on acquistion camera
	· Select nearby and closest pointing star. Center and adjust pointing. Then offset to science PO.

· Once on science PO, pick brighter star in field and send pickoff to it.

· Position other pickoffs for NGS

· If fold, send it out and close TT on brighter star in field, then acquire other TT

· If dichroic/BS, close TT on brighter star, then record long exposure/check SNR on TT pickoff.

	Case 3: asteroid is its own NGS (since bright); no other NGS
	· Select nearby and closest pointing star. Center and adjust pointing. Then offset to science PO.

· Record short exposure, ID objects in field with respect to expected location of asteroid at current and exact UT date.

· ID asteroid, offset telescope to center asteroid on pickoff location / science PO.

· Acquire asteroid on TT(FA)

	Case 4:

asteroid requires 3 NGS
	· Case a: differential tracking on Asteroid science pickoff:

· Acquire NGS stars as usual

· Compute exact location of asteroids for current UT date, send science pickoff, start tracking and acquire asteroid.

· Record science exposure and adjust tracking rate, centering

· Case b: differential tracking on the 3 TT(FA) NGS (and truth sensor?)

· Compute differential rate for telescope / pickoff tracking and expected geometry for pickoff location vs science pickoff at current UT

· Acquire NGS as appropriate

·  Check that science object is centered on science detector and adjust offset.

· May need to compute new tracking rate based on error on science detector, then adjust tracking rate.

	Case 5: very red object with very uncertain proper motion (“/year)
	· Select nearby and closest pointing star. Center and adjust pointing. Then offset to science PO.

· Record short exposure, ID objects in field with respect to expected location of target at current and exact UT date.

· If visible camera: use NIR science camera to ID/confirm science target

· If NIR camera, check the field against NIR survey and ID target.


Pickoff:

1) Light sent to acquisition sensor by mirror, dichroic or beamsplitter then remove to acquire stars

2)  Dichroic or beamsplitter allowing WF observation with d-IFS (), while sending GLAO correction to first relay mirror (This leave open the possibility of doing wide field imaging simultaneously with spectroscope using d-IFS (DNIRI)). 

	
	Visible sensor
	IR sensor

	ID field 
	Yes
	Yes

	Photometry
	relative
	Relative

	Obscured region (GC, Dark Clouds)
	Problem
	No problem

	Color effect (LOWFS)
	Problem
	No problem, same color sensitivity as TTFA sensors

	Moonlight
	Use R and I band
	Sky background always the same

	Twilight
	Use R and I band 
	Sky background always the same

	Double Stars
	Can’t tell low resolution
	Can’t tell low resolution

	Galaxies
	Can’t tell low resolution
	Can’t tell low resolution

	Pre observing information
	must bring diffraction limited image of FOV (ACS, WFPC2, JWST, Keck I LGSAO)
	must bring diffraction limited image of FOV (ACS, WFPC2, JWST, Keck I LGSAO)

	Quick response mode


	VIS camera could have large uncertainty in field ID 
	IR camera can be used  with little uncertain in field ID 

	Color effect/combined with high proper motion
	problematic
	Easy to diagnose


TMT notes on Acquisition problems:  Notes from TMT operation group Dec 7, 2007. 

Slide 1

· Finding suitable TTF GSs will not be trivial

· No guarantee of all-sky deep NIR survey by 2015 in proper hemisphere  

· ESO’s VISTA Hemisphere Survey (VHS) is limited at J=21.2
· If NGS catalog exists, will be seeing-limited

· At Galactic Pole, expect ~10-20 galaxies/star at magnitudes between 21<J<22  (Lane et al. 2007; Robin et al. 2003)

· Can partially separate galaxies by size/color

· Confusion will remain (We should see how bad this problem is)

· Even a compact galaxy will not be usable (even visible) as TT source

· Galaxy/star confusion impacts observing efficiency (not sky coverage)

· Do we require all observers to have diffraction-limited imaging for          1 arcmin around science targets? (From WFC3, NGST, 8m MCAO?)

· Do we need a science grade acquisition camera?

· Acquisition Camera Requirements

· Currently baseline is ~256x256 NIR array with 0.5 arcsec pixels

· Do we need finer resolution?

1. In crowded fields, confusion will limit our ability to find NGS

2. For high galactic latitudes, higher angular resolution would help separate galaxy/star

· Do we require a science array?

1. Acquisition camera, taking exposures with HO loops closed + maybe MOR TWFS operation, may be able to take relatively sharp images of entire field

2. Real-time processing of data could be used to identify GS

3. Science could be possible with acquisition camera

4. 1k array -> 0.12” pixels,  2k array -> 0.06” pixels

5. Added expense and complexity + operations penalty
· How often would having a guider be useful?

· Gemini experience: without guider, they lost sky coverage, could not use AO system in windy conditions

· TMT will be much less sensitive to wind than Gemini
· If MOR TWFS had sufficiently large FOV, it could be used as guider while TT stars are being acquired

Acquisition scenarios versus science cases:

Table 1

	Science case
	High-z galaxies on d-IFS
	GRB on d-IFS or NF science
	Grav. lenses
	Asteroid/planets at predicted UT

	Assumes
	Field is well-known and has been observed at different wavelength down to ~100mas resolution
	Field is unknown for science. 

Seeing limited detection images is available at visible wavelength, and possibly at NIR.
	Field has been surveyed. Seeing limited survey images is available at visible wavelength, and possibly at NIR. 
	Field is unknown for science 

Seeing-limited sky survey (vis and NIR) provide field ID info.

UT selected to optimize NGS

	NGS TT info
	Vis and NIR mag.
	Vis mag < 20

NIR mag < 17
	Vis mag < 20

NIR mag < 17
	Vis mag < 20

NIR mag < 17

	NGS Risk
	Binary

Variable star
	Galaxy 

Binary

Variable
	Galaxy 

Binary

Variable
	Galaxy 

Binary

Variable

	Vis / NIR acq
	Either to ID field

NIR to optimize NGS
	Either to ID field

NIR to optimize NGS
	Either to ID field

NIR to optimize NGS
	Either to ID field

NIR to optimize NGS

	
	
	
	
	


Table 2

	Science case
	Asteroid/planets at any given UT
	Planets around low-mass stars

(Or astrometry in sparse field)
	Galactic Science (including GC)
	

	Assumes
	Field is unknown for science 

Seeing-limited sky survey (vis and NIR) provide field ID info.

May require on-the-fly NGS selection
	Field is sometime known, sometime unknown for science.

Seeing-limited sky survey (vis and NIR) provide field ID info. 


	Field is very well known at many different wavelength
	

	NGS TT info
	Vis and NIR mag.
	Vis mag < 20

NIR mag < 17
	Vis mag < 20

NIR mag < 20
	Vis mag < 20

NIR mag < 17

	NGS Risk
	Binary

Variable star
	Galaxy 

Binary

Variable

Science target proper motion (see below)
	Binary

(Variable)
	Galaxy 

Binary

Variable

	Vis / NIR acq
	Either to ID field

NIR to select NGS
	Either to ID field

NIR to select NGS

Note that the science target could have uncertain proper motion, and not be detected in a visible camera. Use of NIR camera would help here.
	Either to ID field

NIR to select NGS
	Either to ID field

NIR to select NGS
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